
We will take advantage of two properties
to instead deaelop a statistical
connection between microscopic & bulk

properties
Ensemble method & ergodic hypothesis

Definitions (reminder)
Macros tie - thermodynamic Stukaf
the system eg Nyu

,
e or Niu ,T or n

,PIT
Microstate

-

x , NZ , px , pg , Pz of my atom
-

configuration of Syler , ugh
Ergodicity - long enough time,
system explores all microstates

spuds
"cancer " amount off the in each
one (more later)

Ensemble method - it had many copies
of system , average over copies gives
smenenta.t.se * one

.my/hYjimis



Suppose a system has m possible States
A- total copies of sy ten
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let N ; be the number in state i
m

INI = A
j = l

{ N; } = EN , ,
Ne
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. . . Nm}

prob of each state I- m

{ pie { oh , . . . ,Pm3 -- ELI , had . . - ha}
Ensemble average, of property Y
4) ⇒nEi

,
Yi Pi

Should bestie as time as 42=1*-1! Yet ;)



An ensemble is a collection of copies
of a system all in the same maculate

A
"

microcanonical " ensemble Ison with

Canet N, V, E - Isolated system obeying
Newton's equations F-ma

,
conserve E

How often does each microsite occur ?

equilibrium maximizes entropy !

S - kg In W ,
but what is www.4

for an ensemble

N , copies in state
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,
Nc copies inHate 2, . ..
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( multinomial)D=
PTI! - - Nm !

addsto Afor A e Ni large

5- Klaw = A 1nA- A
-E.hilum .

-
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so S z Aln A -A - EN: in Ni
IKB
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T only j makes
A Ni
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, # En;
= Adlfttjt Off
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1nA - ¥.

- InNj

= It InA - l - In Nj
= In A - In Nj

smallest for Nj all maximized
But an't make all Nj n ax simultaneously
because IMj=m , need
a constraint



Turns out (see pg 312 - 313)

Lagrange Multipliers for constraint
Instead

,
find wheel

I = flat - a ( constraint ) is max

M

I= Klaw - tf Ni -A) = o
i 21

OT

Fyi.
= 1nA - in Nj - x

- o V-Nj

• z In Ny) is a constant

thee' tis.
find X by enforcing constraint

M
-e t

INj=A= JAE ⇒ e =m
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Pi -
N'Yzn ; = Im , equal distribution?



Chapter Lo - Canonical Ensemble
-

Consider bruh of copies of system

FIE Yim:*:"
tune one temp

S = K In W so for one system,
but Now iv. T , T

where N= AT a ten
V = AT

E = -2 Ei Ni
III

Man S w/ E constraint & Ini =A sun

overstates



S, In A - d CE Ni -A) -p tzniei - Et
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-a - B Ej = o

and so Nj = e-
a

e
-Pg
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II. Nj = A =A¥? e
- de -Pg
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so ed =E e-pej
JI

-pejthis means Pj -- Nj = e &
A Ej

Q = Phi is "partition function
"

ten annual ensemble & e

-BEd

is the Bohman fetor (relate weight)



forms' cro canonical ensemble
PFE / ( like g = o Hj or

B = o )

and Q = -2 Bfi = -21 = on

Average of 9
CY ? = E y; Pi - Fi

,

y ; e-Peja
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g. e-
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Thorns out ( can show by connection

to classical thermo that

p= Ykrgt
so Q= £ e- EYKBT ← can get other

in theme quantities frm this
function

9h
Tpt =¥%p if we consider

- offs = Fp -of .ie?.eie-fEi



U = - O InQ

Tos

an :# ¥ = :÷h¥i
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= - l Of
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Gibbs Entropy
S = - KEpi In pi
= - Krs E pi [- Bei - In Q]
= Krs is Epi Ei t InQ
= KBP t Krs In Q
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